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Morphology and development of the gynoecium in
Centrolepidaceae: The most remarkable range of variation in
Poales
Abstract
This paper explores the relative impacts of reduction and polymerization on the evolution of
reproductive structures in the small but morphologically diverse family Centrolepidaceae.
Centrolepidaceae are closely related to Restionaceae and belong to the large order Poales, which also
includes the grasses. In the largest genus of Centrolepidaceae, Centrolepis, the reproductive structures
are viewed either as highly unusual aggregations of reduced flowers (the pseudanthial interpretation) or
as unique flowers evolved through extreme reduction in the androecium, usually accompanied by a
drastic increase in carpel number and elaboration of the entire gynoecium. Comparative data are here
presented on gynoecia of all three genera of Centrolepidaceae; these data strongly support the latter
(euanthial) interpretation. The combined phenomenon of carpel multiplication and decrease in stamen
number is unexpected in a predominantly wind-pollinated lineage. Applying a pseudanthial
interpretation would create a considerable morphological gap with reproductive structures of other
Poales, whereas accepting a euanthial concept allows an almost continuous morphological series with
related taxa. 
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 Understanding the relative impacts of reduction and polym-
erization in organ number is an important aspect of studies of 
morphological evolution, both in plants and animals. In plants, 
with their modular organization and open growth pattern, re-
duction of certain structures is often accompanied by their 
grouping (and synorganization) into a complex structure at the 
next hierarchical level (e.g.,  Kusnetzova, 1998 ), a phenomenon 
that is characteristic of many morphological innovations in 
plant evolution. Pseudanthium formation is a relatively well-
studied example of this evolutionary pattern in transformations 
of angiosperm reproductive structures (e.g.,  Classen-Bockhoff, 
1990 ). A pseudanthium is a compact and often fl ower-like ag-
gregation of small and often reduced individual fl owers (e.g., 
the capitulum in the daisy family, Asteraceae). Polymerization 
is the converse pattern to reduction. In the fl oral evolution of 
angiosperms, elaboration and polymerization often occur as ad-
aptations to particular types of biotic pollination (e.g.,  Endress, 
1994 ). In evolutionary lineages where wind pollination is the 
predominant pollination strategy, reduction is an iconic aspect 
of fl oral transformation (e.g.,  Linder, 1998 ). Aspects of elabo-
ration that are often associated with wind pollination are stamen 
multiplication and complexity of stigma morphology. 
 The small monocot family Centrolepidaceae is a useful 
model group to study the relative impacts of elaboration and 
reduction in fl oral evolution. Indeed, depending on which mor-
phological interpretation is applied, the reproductive structures 
of the type genus,  Centrolepis , can be viewed either a highly 
unusual example of aggregations of reduced fl owers (the pseud-
anthial interpretation) or as unique fl owers that have evolved by 
extreme reduction in the androecium, accompanied in most 
cases by a drastic increase in carpel number and elaboration of 
the entire gynoecium. Our primary goal in this paper is to eval-
uate these confl icting interpretations using comparative mor-
phological and developmental data. 
 Centrolepidaceae ( Fig. 1 ) is a family of three genera ( Aphelia 
R. Br,  Centrolepis Labill., and  Gaimardia Gaudich.) and about 
35 species, with principal diversity in Australia ( Cooke, 1998 , 
 2008 ). The genus  Aphelia (including  Brizula Hieron.) contains 
six species of annuals restricted to the southern part of Austra-
lia, including Tasmania ( Cooke, 1995 ).  Centrolepis includes 26 
currently recognized species of annuals and perennials occur-
ring mostly in Australia, but also known from New Zealand, 
New Guinea, and southeast Asia ( Cooke, 1992 ,  2008 ).  Gaimar-
dia has four species of perennials in Tasmania, New Guinea, 
New Zealand, South America, and the Falkland Islands ( Cooke, 
2008 ). 
 Most annual species of Centrolepidaceae are represented by 
small plants. All species of  Aphelia and many annual species of 
 Centrolepis (including most species examined here) are con-
fi ned to a zone of southern Australia with reliable winter rain-
fall and a summer water defi cit. They are adapted to habitats 
where seasonal rainfall defi nes the growing season, and growth 
is further limited by nutrient availability ( Cooke, 1992 ,  1995 ). 
Their microhabitats range from the margins of seasonal fresh-
water pools to the sparse herb stratum in heath, scrub, or wood-
land communities, but do not include vegetation types with a 
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Schult. examined here ( Fig. 1B, 1C ), occurs in the northern, 
tropical part of Australia (partly extending to Malesia and 
southeast Asia). Their microhabitats are similar to those out-
lined, though climatic conditions differ. As in the southern part 
of Australia, annual centrolepids in northern Australia often 
dense shading canopy ( Cooke, 1992 ,  1995 ).  Cooke (1995) cat-
egorized these annuals as stress-tolerant ruderals and suggested 
that their reduced and condensed structure is associated with a 
short growing season and limited resources. One group of an-
nual  Centrolepis spp., including  C. exserta (R. Br.) Roem.  & 
 Fig. 1.  General views of Centrolepidaceae. (A)  Gaimardia setacea , herbarium specimen (New Guinea, Mt Wichmann, altitude 3000 m a.s.l., Feb. 
1913,  Pulle 1035 , K). (B, C)  Centrolepis exserta , living plants in natural habitats in Australia, Northern Territory, neighborhood of Darwin, images taken 
on 5 May 2008 by M. V. Remizowa. 
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tacle (reviewed by  Igersheim and Endress, 1997 ). However, 
none of these unusual  “ multileveled ” gynoecium morphologies 
closely approaches the type of carpel fusion present in  Cen-
trolepis . Most Poales sensu lato possess one to three carpels; 
the presence of more than three carpels is extremely rare. For 
example, in Cyperaceae, six to eight stigmas have been reported 
in  Evandra R. Br., and a four-carpellate gynoecium is occasion-
ally found in  Carex L. and some other taxa ( St. John and Parker, 
1925 ;  Holttum, 1948 ;  Dahlgren et al., 1985 ). The presence of 
up to 45 carpels in reproductive units of  Centrolepis , together 
with the consistent presence of a single stamen, are in strong 
contrast with patterns of meristic variation observed in fl owers 
of other Poales. 
 Eichler (1875) hypothesized that the reproductive units of 
 Centrolepis are compact infl orescences of reduced unisexual 
fl owers (pseudanthia). The idea that reproductive units of  Cen-
trolepis are pseudanthia rather than fl owers is consistent with 
strong morphological differences between them and fl owers of 
closely related families ( Hamann, 1962 ). A pseudanthial inter-
pretation is popular in recent literature ( Cooke, 1980 ,  1998 ; 
 Cronquist, 1981 ;  Leonova, 1982 ;  Dahlgren et al., 1985 ;  Takhta-
jan, 1987 ,  1997 ;  Rye, 1992 ;  Brown, 1993 ;  Conn, 1994 ;  Briggs 
and Johnson, 2000 ;  Seberg, 2007 ;  Mabberley, 2008 ; Watson 
and Dallwitz, 2009). According to  Cooke (1992) , the female 
fl ower of  Centrolepis is reduced to a solitary carpel, usually 
stipitate, unilocular with a single pendulous ovule; ovaries of 
different fl owers within each pseudanthium are united, alternat-
ing in two rows on a false axis incorporating the vascular bun-
dle to each ovary and the lower styles. A pseudanthial 
interpretation for reproductive units of  Centrolepis is supported 
by the fact that fl owers of some species of  Aphelia are undoubt-
edly unisexual, the male fl owers having a single stamen and 
female fl owers a solitary free carpel. It has been suggested that 
simple fl owers similar to those of  Aphelia have undergone evo-
lutionary aggregation and fusion to give rise to the complex 
pseudanthia of  Centrolepis ( Eichler, 1875 ;  Hamann, 1962 ). A 
pseudanthial interpretation implies that the reproductive units 
of  Centrolepis should be described as partial infl orescences, for 
which contrasting morphological interpretations have been pro-
posed.  Eichler (1875) suggested that unicarpellate female fl ow-
ers form a cincinnus in  Centrolepis . According to  Hamann 
(1962) , the structure of the pseudanthium is racemose rather 
than cymose; naked unisexual fl owers are arranged into a modi-
fi ed spikelet.  Cooke (1980) accepted the cincinnus interpreta-
tion, but later (1998) noted that the racemose interpretation 
merits further attention.  Takhtajan (1997) described the pseu-
danthium (he used the term synanthium) of  Centrolepis as a 
spikelet-like cyme.  Kircher (1986) proposed an even more 
complex interpretation, that the single carpels of  Centrolepis 
(reduced female fl owers) could represent reduced single-fl ow-
ered spikelets arranged in spikelet-like aggregations. 
 In the third genus of the family,  Gaimardia , the infl orescence 
is a spike with two or three nodes of the main axis, each bearing 
a large bract. Each bract subtends an axillary reproductive unit. 
Typically, only the lowermost reproductive unit is fertile and 
contains two stamens at the periphery and two united carpels in 
the center (e.g.,  Cooke, 1998 ). Sporadic occurrence of gynoecia 
with one or three carpels is reported (e.g.,  Baillon, 1894 ). The 
ovary locules of  Gaimardia are inserted at the same level, in 
contrast to those of  Centrolepis . Most authors who accept a 
pseudanthial interpretation for the reproductive units in  Cen-
trolepis apply the same concept to  Gaimardia and recognize 
two naked male fl owers and two united naked unicarpellate 
grow together with taxonomically unrelated miniature annuals 
with similar ecological adaptations, including species of Hyda-
tellaceae, which can show remarkable similarity to  Centrolepis . 
Indeed,  Trithuria lanterna D. A. Cooke (Hydatellaceae) was 
identifi ed by its fi rst collector as a species of  Centrolepis , while 
the recently described  Centrolepis racemosa D. D. Sokoloff  & 
Remizowa was fi rst identifi ed as  Trithuria lanterna (reviewed 
by  Cooke, 1992 ;  Sokoloff et al., 2009 ). 
 Within Centrolepidaceae, all species of  Gaimardia ( Fig. 1A ) 
and some species of  Centrolepis are dwarf, cushion-forming 
perennials restricted to high elevations in tropical or south tem-
perate regions, i.e., areas without a summer water defi cit (e.g., 
 Ding Hou, 1957 ;  Cooke, 1992 ). At least in Malesia,  Gaimardia 
shows a striking similarity to perennial species of  Centrolepis, 
both in plant habit and ecology ( Ding Hou, 1957 ). In Tasmania, 
perennial species of  Centrolepis often occur near streams and 
lakes ( Cooke, 1992 ); in both habit and habitat, they closely re-
semble a Tasmanian perennial species of Hydatellaceae,  Trithu-
ria fi lamentosa . 
 In terms of phylogeny, Centrolepidaceae is fi rmly placed 
within the broadly defi ned order Poales (e.g.,  Chase et al., 
2006 ), closely related to the Australian family Anarthriaceae 
s.l. and the southern hemisphere (primarily Australian and 
South African) family Restionaceae s.s. Topological differ-
ences exist between morphology-based and different molecu-
lar-based analyses regarding whether Centrolepidaceae is sister 
to Restionaceae s.s. or nested within it ( Linder and Rudall, 
1993 ;  Briggs et al., 2000, in press ;  Linder et al., 2000 ;  Bremer, 
2002 ;  Michelangeli et al., 2003 ;  Chase et al., 2006 ). This incon-
sistency is probably due to long branch attraction. Data from 
26S ribosomal DNA have suggested a sister-group relationship 
between Centrolepidaceae and Ecdeiocoleaceae ( Neyland, 
2002 ), but this topology is problematic because of low taxon 
sampling. Other studies have shown that Ecdeiocoleaceae are 
closely allied to Poaceae and Joinvilleaceae rather than to Cen-
trolepidaceae (e.g.,  Briggs et al., 2000 ,  Bremer, 2002 ,  Marchant 
and Briggs, 2007 ). Phylogenetic relationships within Cen-
trolepidaceae have not been extensively studied so far, but 
available molecular data suggest that  Gaimardia is sister to 
 Aphelia plus  Centrolepis ( Briggs et al., in press ). 
 Perhaps the most intriguing and enigmatic feature of Cen-
trolepidaceae is the structure of the reproductive units of  Cen-
trolepis . In most species of  Centrolepis , the main infl orescence 
axis bears two primary bracts, each subtending a single repro-
ductive unit or, more often, a group of reproductive units. The 
only exception is  C. racemosa , in which the infl orescence is 
anomalous ( Sokoloff et al., 2009 ). In all species of  Centrolepis , 
each reproductive unit consists of a single stamen and from one 
to several (up to 30 or even 45) carpels ( Baillon, 1894 ;  Cooke, 
1992 ), typically surrounded by one to three bract-like phyl-
lomes. When more than one carpel is present, they are united to 
form a multilocular ovary. The ovary locules of  Centrolepis are 
arranged in two rows along a stalk-like structure, so that the 
uppermost locules are located well above the lowermost ones 
(e.g.,  Hieronymus, 1873 ;  Hamann, 1962 ;  Dahlgren et al., 1985 ; 
 Cooke, 1992 ,  1998 ,  2008 ). This gynoecium construction is 
highly atypical for angiosperm fl owers. In most angiosperms, 
when carpels are united they form a whorl and are all attached 
at the same level on the receptacle (e.g.,  Endress, 1987 ). Rarely, 
two or three united whorls of carpels are attached at different 
levels on the receptacle, as in the eudicot  Punica granatum L. 
(e.g.,  Cronquist, 1981 ). Some magnoliids are syncarpous, with 
helical carpel arrangement along an elongate or concave recep-
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exserta (R. Br.) Roem.  & Schult., Australia, Northern Territory, Darwin region, 
coll.  T.D. Macfarlane et al., 4289 ;  Centrolepis pilosa Hieron., Western Austra-
lia, Perth region, 62 km N of Cataby, coll.  H.P. Linder 5551 ;  Centrolepis stri-
gosa (R. Br.) Roem.  & Schult., native to Australia, cultivated in Bonn Botanic 
Garden, coll.  P.J. Rudall s.n. , 28 Sep. 2006;  Centrolepis polygyna (R. Br.) 
Hieron., Western Australia, Perth region, coll.  P.J. Rudall 25 and  H.P. Linder 
6076 ;  Gaimardia fi tzgeraldii F. Muell.  & Rodw., Kew spirit collection no. 
22474, Tasmania, Lake Dobson National Park, Jan. 1948, coll.  W.M. Curtis ; 
 Gaimardia setacea J. D. Hook., Kew spirit collection no. 22476, Tasmania, 
Broad River National Park, Jan. 1948, coll.  W.M. Curtis . 
 Plant material was fi xed in formalin-acetic acid-alcohol (FAA) and stored in 
70% alcohol. For light microscopy, material was sectioned using standard 
methods of Paraplast embedding and serial sectioning at 10 – 15  μ m thickness. 
Sections were stained in safranin and Alcian blue and mounted in DPX mount-
ing medium. Digital photomicrographs were taken using a Leica (Wetzlar, Ger-
many) Diaplan photomicroscope. For scanning electron microscopy (SEM), 
material was dissected in 70% ethanol. Material examined at RBG Kew ( Aph-
elia, Gaimardia, Centrolepis strigosa, C. polygyna ) was dehydrated through 
absolute ethanol and critical-point dried using an Autosamdri-815B CPD 
(Tousimis Research, Rockville, Maryland, USA), then coated with platinum 
using an Emitech (Kent, UK) K550 sputter coater and examined using a Hitachi 
(Wokingham, UK) cold-fi eld emission SEM S-4700-II at 1 kV. Material exam-
ined at Moscow University ( Centrolepis drummondiana, C. exserta, C. pilosa ) 
was dehydrated through absolute acetone and critical-point dried using a Hi-
tachi HCP-2 critical point dryer, then coated with gold and palladium using a 
Giko (Tokyo, Japan) IB-3 ion-coater, and observed using a JSM-6380LA SEM 
(JEOL, Tokyo, Japan) at 20 kV. Some images were merged, and some images 
were colored using Adobe (San Jose, California, USA) Photoshop. 
 Regarding terminology, in describing gynoecium morphology, we use both 
terms  “ stylodium ” and  “ style ” (e.g.,  Takhtajan, 1991 ). When carpels are free 
from each other, the stylodium is the upper sterile part of a carpel above the 
ovary, which bears a stigma. When ovaries of different carpels are united, their 
stylodia can be free or united into a common structure termed a style. Some-
times stylodia are united in their basal portions only, so that both common style 
and individual stylodia of each carpel are present. Some authors use the term 
style broadly, not distinguishing between the terms style and stylodium. 
 RESULTS 
 Gaimardia ( Fig. 2 ) — In material examined of both  Gaimar-
dia species, a fertile reproductive unit consists of two stamens 
at the periphery and two carpels in the center. The carpels are 
inserted at the same level. They are united to form a bilocular 
ovary; the two stylodia and stigmas are free. Each ovary locule 
has a single pendent ovule. Three distinct zones can be recog-
nized in the gynoecium: synascidiate, symplicate and plicate. 
The ovary is mainly formed by the large synascidiate zone. The 
ovules are attached to the cross zone at the top of the ovary. The 
symplicate zone is very short. The plicate zone forms two free 
stylodia, each terminating in a papillate stigma. 
 Each stylodium has a strand of pollen-tube transmitting tissue 
(PTTT). In cross sections of the stylodium, the PTTT is situated 
in the center (not shown) or close to the ventral side of the sty-
lodium ( Fig. 2A ). Observations of underdeveloped gynoecia at 
the upper infl orescence nodes, as well as patterns of cell ar-
rangement in some sections of mature stylodia in fertile gynoe-
cia, led us to conclude that the PTTT develops from epidermal 
(perhaps also subepidermal) cells of the adaxial carpel surface. 
Because carpel fl anks are completely postgenitally united, leav-
ing no canal inside each stylodium, the PTTT occupies an inter-
nal position in the stylodium of an anthetic fl ower. Immediately 
below the level of the junction between two stylodia ( Fig. 2B ), 
the PTTTs of two carpels unite ( Fig. 2C ) to form a compitum 
(symplicate zone). Further below this level, PTTTs of two car-
pels separate again; this is the level of ovule attachment. 
 Four vascular bundles are present in the upper part of the 
pedicel. Two larger carpel bundles alternate with two smaller 
female fl owers. Within the framework of the pseudanthial inter-
pretation for the reproductive units of  Centrolepis and 
 Gaimardia ,  “ elementary ’ ” fl owers (and fl owers of  Aphelia ) are 
commonly viewed as unicarpellate (e.g.,  Cooke, 1992 ). How-
ever, some authors accepting the pseudanthial view describe 
the gynoecium of individual fl owers as apparently pseudomono-
merous ( Takhtajan, 1966 ;  Leonova, 1982 ). 
 Although the pseudanthial interpretation for reproductive 
units of Centrolepidaceae is currently popular, there exists an 
alternative (euanthial) view. According to  Hieronymus (1873 , 
 1886 ), fl owers of  Centrolepis are bisexual with a single stamen 
and several carpels, whereas those of  Gaimardia are bisexual 
with two stamens and two united carpels. The euanthial inter-
pretation was accepted by  Bentham (1877 ,  1878 ),  Baillon 
(1894) ,  Ding Hou (1957) and  Hutchinson (1973) .  Wettstein 
(1911) also followed this view and described the reproductive 
units of Centrolepidaceae as fl owers (but note that he inter-
preted  “ fl owers ” of all angiosperms except  Casuarina as pseud-
anthia). More recently,  Curtis (1984) described the reproductive 
units of  Gaimardia as fl owers and avoided interpreting those of 
 Centrolepis as either fl owers or infl orescences (however, 
 Curtis, 1994 accepted a pseudanthial interpretation for Cen-
trolepidaceae).  Hopkins (2006) used a euanthial interpretation 
for reproductive units of  Gaimardia .  Larsen (1972) and  Wu and 
Larsen (2000) interpreted the bisexual reproductive units of 
 Centrolepis as fl owers.  Stevens (2008) noted that the  “ fl owers ” 
of Centrolepidaceae can be interpreted as either pseudanthial or 
euanthial structures.  Prakash (1970) presented an intermediate 
interpretation for the reproductive unit of  Centrolepis , as a 
pseudanthium composed of a male (unistaminate) and female 
fl ower, but viewed the group of united carpels as a single fl ower 
rather than several united unicarpellate fl owers. 
 To summarize, there are strongly contrasting morphological 
interpretations for the reproductive units of Centrolepidaceae. 
Selecting between these would result in drastic changes in char-
acter coding for morphological cladistic analyses. Regardless 
of interpretation, the multicarpellate gynoecium of  Centrolepis 
is unique. No other Poales (possibly even no other angiosperm) 
possesses a similar aggregation of carpels. Surprisingly, our 
knowledge of the reproductive morphology and development 
of Centrolepidaceae is hitherto limited. The embryology of 
Centrolepidaceae has been investigated in detail ( Hamann, 
1962 , 1975;  Prakash, 1970 ;  Linder and Rudall, 1993 ), but 
 Hieronymus ’ (1873) account remains the most detailed previ-
ous description of the spatial arrangement of carpels and sta-
mens and their patterns of initiation. To our knowledge, no 
SEM data exist on reproductive development of any Centrolep-
idaceae, and no detailed anatomical data on  Gaimardia are 
available. The current study fi lls this gap in our knowledge of 
Centrolepidaceae. We focus on gynoecium morphology and de-
velopment to address the question whether the united carpels of 
 Gaimardia and  Centrolepis belong to the same fl ower or to dif-
ferent fl owers. 
 MATERIALS AND METHODS 
 The following material was examined (vouchers are at Herbaria MW, K, Z): 
 Aphelia brizula F. Muell. (= Brizula muelleri Hieron.), Western Australia, Perth 
region, coll.  H.P. Linder 5547 ; Aphelia cyperoides R.Br., Western Australia, 
Perth region, coll.  P.J. Rudall 908 and  H.P. Linder 6077 ;  Aphelia drummondii 
(Hieron.) Benth. (= Brizula drummondii Hieron.), southwestern Western Aus-
tralia, coll.  P.J. Rudall 910 ; Centrolepis drummondiana (Nees) Walp., Western 
Australia, Perth region, 62 km N of Cataby, coll.  H.P. Linder 5550 ;  Centrolepis 
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dles, so that the total of gynoecium bundles is four ( Fig. 2E, 2F, 
2J ). Formation of heterocarpellary ventral bundles can take 
place at different levels. For example, in  Fig. 2E and 2F , one of 
two heterocarpellary bundles (i.e., the upper one in the fi gures) 
still exhibits its double nature. Just below the level of ovule 
stamen bundles ( Fig. 2I ). In the lower part of the synascidiate 
zone, each carpel has one dorsal and two ventral bundles ( Fig. 
2G ), so that the total number of gynoecium bundles is six. In the 
upper part of the synascidiate zone, the adjacent ventral bundles 
of different carpels unite to form heterocarpellary ventral bun-
 Fig. 2.  Gaimardia , gynoecium anatomy (LM). (A – I)  G. fi tzgeraldii , descending series of cross sections of gynoecium. (A) Stylodium. (B, C) Sympli-
cate zone. (B) First section below the level of fusion of the two stylodia; note distinct pollen-tube transmitting tissue (PTTT) in the two carpels. (C) Section 
30  μ m below the level of the section illustrated in (B); PTTTs of the two carpels are united to form a compitum. (D – G) Synascidiate zone. (D) Just below 
ovule attachment, all ventral bundles are united. (E, F) Two heterocarpellary ventral bundles present. (G) Section at the level of the micropyles of the 
ovules; each carpel has two distinct ventral bundles. (H, I) Sections below the ovary locules. (J)  G. setacea , central area of section through synascidiate 
zone at a level compatible to those in (E) and (F), showing presence of heterocarpellary ventral bundles. ct = carpel trace; db = dorsal bundle; ov = ovule; 
pttt = pollen-tube transmitting tissue; st = stamen fi lament or stamen trace; vb = ventral bundle. Scale bars: in A = 20  μ m, in B – J = 50  μ m. 
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 Aphelia ( Fig. 3 ) — Gynoecium development is uniform in all 
three species examined. Gynoecium anatomy was studied in  A. 
cyperoides and  A. brizula ; no substantial difference was ob-
served between the two species. 
 The gynoecium consists of a solitary free, stipitate carpel 
( Fig. 3A ). The ovary and a very short region of the lowermost 
insertion, both heterocarpellary bundles unite with each other, 
so that the total number of gynoecium bundles is three ( Fig. 2D ). 
Ventral bundles are no longer present in the symplicate ( Fig. 2B, 
2C ) and plicate ( Fig. 2A ) zones. Dorsal bundles extend up to the 
stigmatic region. In cross sections through stylodia, dorsal bun-
dles often appear closer to the abaxial carpel side. 
 Fig. 3.  Aphelia , gynoecium structure and development (A, H, I, SEM; B – G, LM). (A – G)  A. cyperoides . (A) Preanthetic carpel viewed from ventral side. 
Arrows indicate levels of sections in (B – G). (B – G) Descending series of cross sections. (B – C) Plicate zone. (B) Stigma. (C) Stylodium. (D – F) Ascidiate zone. 
(D) Stylodium, just below the cross zone. (E) Ovary. (F) Close-up of ventral bundle from (E). (G) Carpel stipe with dorsal (up) and ventral (down) bundles. 
(H, I) Two successive stages of early carpel development in  A. drummondii . db = dorsal bundle; ie = cells derived from the inner epiderm; sc = stylodium 
canal fi led with secretion; sp = stigmatic papillae; vb = ventral bundle. Scale bars: in A = 100  μ m, in B – D, F, G = 20  μ m, in E = 50  μ m, in H, I = 10  μ m. 
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reaching upper locules. Just below the level of the junction 
between the stylodia, there is an extremely short symplicate 
zone with a wide central canal formed by united ventral 
clefts of all the carpels ( Fig. 8B ). The rest of the style (as 
well as the ovary) is formed by the synascidiate zone. In 
both  C. pilosa and  C. drummondiana , the individual stylar 
canals of each carpel proceed throughout the length of the 
style and proximally enter the ovary locules of their respec-
tive carpels. The canals leading to the lower ovary locules 
proceed through the  “ ovary stalk ” to reach their locules. The 
cells surrounding the stylar canals are often smaller than the 
adjacent cells ( Fig. 8C ). The canals are very narrow, and 
their diameter is similar to cell diameter, so they can easily 
be mistaken for cells in cross sections. 
 Gynoecium anatomy of  C. polygyna resembles that described 
earlier for  C. pilosa and  C. drummondiana , except that stylar 
canals of individual carpels were not observed. Instead, a group 
of narrower cells can be recognized near the inner side of each 
dorsal bundle. These cells could represent strands of PTTT. 
 Developmental data clearly show that carpels form a sin-
gle whorl around a relatively massive central portion of mer-
istematic tissue ( Figs. 4B, 4D, 5B – D, 6E, 6D ). The whorl is 
relatively elongated in  C. exserta ( Fig. 7H ), so that the car-
pels appear distichously arranged along an axis. However, 
the fi rst-formed carpel most often occurs in a precise median 
position ( Fig. 7G ), which strongly supports the hypothesis 
that carpels form an elongated whorl (the elongate-whorl hy-
pothesis). In a distichous pattern, the fi rst carpel would be 
inserted either to the left or to the right of the common stalk. 
The position of the last-formed carpel varies in  C. exserta , 
but it is frequently inserted in a median or almost median 
position, opposite the fi rst-formed carpel ( Fig. 7H ); this 
location also supports the elongate-whorl hypothesis and 
contradicts a distichous arrangement. Furthermore, carpel 
arrangement in  C. exserta cannot be explained by the hy-
pothesis that unicarpellate fl owers form a cymose infl ores-
cence, or cincinnus. The carpel arrangement predicted by the 
cincinnus hypothesis is shown in  Fig. 9A . An essential fea-
ture of this pattern is the alternating arrangement of carpels 
along a common stalk (which is sympodial in the cincinnus 
hypothesis). An alternating arrangement is observed occa-
sionally in some gynoecia of  C. exserta ( Fig. 9B ), but more 
frequently the carpels are arranged in opposite pairs ( Fig. 
9C , see also  Fig. 7G ). The occurrence of the opposite carpel 
arrangement and the fl exibility of this feature both strongly 
contradict the cincinnus hypothesis. On the other hand, the 
elongate-whorl hypothesis equally allows paired and alter-
nating carpel arrangement. 
 In all examined species of  Centrolepis , carpel initiation 
within a whorl and development is delayed on the side closest 
to the stamen ( Figs. 5A, 6E, 7A – C, 7G, 7H ). Each carpel fi rst 
appears as a ring-like structure attached by its ventral side to the 
central meristem ( Figs. 4A, 5A – B, 6E, 7B, 7G ). The ascidiate 
nature of the carpel is clear. When the ascidiate zone is initiated 
in the latest-formed carpels of a whorl, the earliest-formed car-
pels have already begun to develop their plicate zones ( Figs. 
6E, 7H ). Strong intercalary growth below one side of the gy-
noecium causes it to curve so that the carpels appear as two 
rows inserted along a common stalk ( Figs. 4E, 4F, 5F, 5G, 6B, 
6D, 7I – K ). The ovarian locules are formed by the synascidiate 
zone. Stigmas are formed by the plicate zone (the plicate nature 
of the stigmas is shown in  Fig. 6F ). Papillae develop along the 
carpel margins in the stigmatic region. 
part of the stylodium are formed by the ascidiate zone, while 
the rest of the stylodium and the papillate stigma are formed 
by the plicate zone. The ovary contains a single pendent ovule 
attached to the cross zone. The ovary is supplied by one dorsal 
and one ventral vascular bundle ( Figs. 3E, 3F ), which are also 
distinct from each other in the carpel stipe ( Fig. 3G ). The sty-
lodium ( Fig. 3C, 3D ) and the stigmatic region ( Fig. 3B ) pos-
sess the dorsal bundle only. The ascidiate portion of the 
stylodium ( Fig. 3D ) has a canal fi lled by secretion, at least in 
preanthetic carpels. In the plicate portion of the stylodium 
( Fig. 3C ), cells derived from the inner epidermis and subepi-
dermal cells are smaller than other cells and could represent 
PTTT. 
 The ascidiate zone forms early in carpel development ( Fig. 
3H, 3I ). Carpel margins already contact each other in the 
cross zone and close the carpel mouth at the stage when the 
plicate zone just starts to differentiate at the dorsal side of the 
carpel ( Fig. 3I ). The ventral slit can be easily recognized 
throughout the plicate zone in preanthetic and postanthetic 
carpels. In the stigmatic region, papillae are formed on ven-
tral carpel margins.  Figure 3A shows a carpel shortly before 
anthesis; at later stages, the stylodium, the stigma, and its pa-
pillae elongate considerably. 
 Centrolepis ( Figs. 4 – 8 ) — Gynoecium development was stud-
ied in all fi ve species examined. Anatomical details were inves-
tigated in  C. drummondiana , C. pilosa , and  C. polygyna. 
 In our material, the carpel number is 2 – 7 in  C. drummondi-
ana ( Fig. 4 ), 5 – 8 (commonly six) in  C. pilosa ( Fig. 5 ), 10 – 12 
(rarely fewer) in  C. polygyna ( Fig. 6 ), though in some other 
populations of this species carpel number is higher (see earlier), 
six in  C. strigosa ( Fig. 7A – 7F ), and 11 – 14 in  C. exserta ( Fig. 
7G – 7K ). 
 In differentiated gynoecia, ovary locules are situated at dif-
ferent levels in two rows along a common stalk-like axis ( Figs. 
4E, 4F, 5F, 5H, 6A – 6D ), which is further extended into a style 
(except in  C. exserta ). Apically, the style bears free stylodia and 
stigmas whose number is equivalent to the number of ovary 
locules. The style is absent in  C. exserta, where the stigmas are 
free ( Fig. 7K ), and short in  C. strigosa. The ovary locules are 
completely separated from each other by parenchymatous tis-
sue. Each locule contains a single, pendent ovule. 
 Gynoecia of  C. pilosa and  C. drummondiana possess as 
many dorsal bundles as carpels. These bundles are already 
distinct at the very base of the gynoecium ( Fig. 8D, 8E ); 
they continue up to the style ( Fig. 8C ) and stigma ( Fig. 8A ). 
Each ovule is supplied by a ventral vascular bundle. Ventral 
bundles do not extend above the point of ovule attachment. 
Ventral bundles of different carpels unite with each other 
toward the base of the gynoecium ( Fig. 8D ). Even if there 
are two ventral bundles at the level of the lowermost ovary 
locule ( Fig. 8E ), they ultimately unite with each other fur-
ther down. At the very base of the reproductive unit, the 
common ventral bundle unites with the dorsal bundles and 
with a stamen bundle. All vascular bundles are very narrow, 
often 1 – 3 cells in cross section. Stylodia and stigmas are 
formed by the plicate zone, which is clear from the presence 
of a ventral cleft. We were unable to distinguish a well-dif-
ferentiated PTTT in the stigmas. Serial cross sections show 
that all stylodia unite with each other at the same level, 
which contrasts with insertion of the ovary locules at differ-
ent levels. This structural feature means that pollen tubes 
reaching the lower ovary locules must be longer than those 
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nus  Centrolepis .  Eichler (1875) when introducing his pseudan-
thial interpretation for  Centrolepis , noted that future research 
could support a similar interpretation for  Gaimardia , though he 
had no material available for detailed original observations on 
this genus. 
 Anatomical investigation of the united carpels in  Gaimardia 
shows no feature that could be interpreted as evidence for a 
pseudanthial interpretation of the reproductive unit. Rather, the 
entire construction of the gynoecium is typical for united car-
pels in angiosperm fl owers. As in many other angiosperms, 
 DISCUSSION 
 Interpretation of reproductive units in Gaimardia — To our 
knowledge, the authors that accepted a pseudanthial interpreta-
tion of the reproductive unit of  Gaimardia (e.g.,  Hamann, 1964 ; 
 Leonova, 1982 ;  Dahlgren et al., 1985 ;  Cooke, 1998 ,  2008 ) did 
not report signifi cant arguments against its interpretation as a 
fl ower. Probably the main (though not always explicitly stated) 
reason for choosing the pseudanthial interpretation was the fact 
that this interpretation was accepted for the closely related ge-
 Fig. 4.  Centrolepis drummondiana , gynoecium diversity and development (SEM). (A) Part of an infl orescence with three gynoecia of different mer-
ism; the youngest gynoecium (dg) is dimerous. (B, C) Trimerous gynoecia at successive developmental stages. (D) Pentamerous gynoecium before forma-
tion of a common style. (E, F) Two gynoecia at late developmental stages, viewed from different sides; the view on (F) is from the side of the adjacent 
stamen. blp = bractlike phyllome; dg = dimerous gynoecium; fc = fi rst-formed carpel; lc = last-formed carpel; sg = stigma; st = stamen. Scale bars: in A, 
C, D = 100  μ m, in B = 30  μ m, in E, F = 50  μ m. 
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ples of angiosperms in which entire carpel locules of different 
fl owers are united within a pseudanthium ( Cyclanthus Poit. ex 
A. Rich., Pandanales: Goebel, 1931;  Dahlgren et al., 1985 ), but 
we know no examples of specialized compitum formation 
including both monocots and eudicots ( Weberling, 1989 ;  En-
dress, 1994 ), the gynoecium of  Gaimardia possesses an ovary 
composed of both synascidiate and symplicate zones, and the 
symplicate zone forms a compitum. There are very rare exam-
 Fig. 5.  Centrolepis pilosa , gynoecium development (SEM). (A) Very young reproductive unit with stamen primordium and a gynoecium with three 
carpels initiated; carpel initiation is delayed on the side of the stamen. (B) Gynoecium with ascidiate zones of all carpels initiated. (C, D) Gynoecia at the 
beginning of plicate zone initiation. (E) Stigmas distinct but still lack papillae; common style starts to differentiate, ovary locules clearly at different levels. 
(F) Later stage with well-formed style and stigmatic papillae initiating. (G) Detail of stigmas from (F). (H) Preanthetic reproductive unit with all parts dif-
ferentiated; ovary locules clearly at different levels. blp = bractlike phyllome; fc = fi rst-formed carpel; lc = last-formed carpel; sg = stigma; sl = style; st = 
stamen. Scale bars: in A = 20  μ m, in B – D, G = 30  μ m, in E, F = 100  μ m, in H = 300  μ m. 
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 In terms of gynoecium vasculature,  Gaimardia resembles 
some Anarthriaceae ( Anarthria R. Br.:  Kircher, 1986 , fi g. 19) 
and Restionaceae ( Restio L.:  Kircher, 1986 , fi g. 20), though stud-
ies of a wide range of Restionaceae revealed considerable variation 
within an unequivocal pseudanthium. Pollen tubes growing 
from one fl ower to another have been reported in  Callitriche L. 
(Lamiales), but in that case different fl owers are not fused, and 
pollen tubes grow through stem tissue ( Philbrick, 1984 ). 
 Fig. 6.  Centrolepis polygyna , reproductive units (SEM). (A – C) Preanthetic reproductive units with all parts differentiated, viewed from different sides. 
(D) Postanthetic reproductive unit with anther abscised. (E) Very young reproductive unit; carpels arranged in a whorl; those closest to the stamen are de-
velopmentally delayed. (F) Plicate stigmas of dissected gynoecium viewed from their ventral side. Yellow = stamen; red = gynoecium; blue = bractlike 
phyllome. Scale bars: in A – C = 100  μ m, in D = 200  μ m, in E = 40  μ m, in F = 60  μ m. 
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 Fig. 7.  Centrolepis strigosa (A – F) and  C. exserta (G – K), gynoecium development (SEM). (A – C) Earliest stages of gynoecium development; the fi rst 
carpel is initiated at a maximum distance from the stamen; carpel initiation is delayed on the side of the gynoecium adjacent to the stamen. (D) All six 
carpels initiated, early development of the plicate zone. (E, F) Further elongation of plicate stigmas. (G) Reproductive unit at stage of gynoecium initiation; 
the fi rst carpel is initiated at the maximum distance from the stamen; carpels not yet initiated on the side of the gynoecium adjacent to the stamen. (H) All 
carpels initiated; fi rst-formed carpels are developing plicate stigmas, while the last-formed carpel has just formed its ascidiate zone. (I, J) Further stages 
of gynoecium development. (K) Postanthetic gynoecium; some stigmas removed (arrowhead) to show absence of a common style. blp = bractlike phyl-
lome; fc = fi rst-formed carpel; lc = last-formed carpel; sg = stigma; st = stamen. Scale bars: in A – E, G = 50  μ m, in F, J, K = 200  μ m, in H = 30  μ m, in 
I = 100  μ m. 
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cate zones (e.g.,  Weberling, 1989 ). Nothing in the structure, 
vasculature, or development of the gynoecium supports the hy-
pothesis that it could be pseudomonomerous. 
 Interpretation of reproductive units in Centrolepis — The 
primary conclusion from our developmental investigation of 
 Centrolepis is that within each reproductive unit, the carpels are 
initiated in a whorl around a central portion of meristematic tis-
sue. The peculiar appearance of the mature gynoecium results 
from strong intercalary growth below one side of the gynoe-
cium. These data agree with earlier observations on  C. strigosa 
(R. Br.) Roem.  & Schult. ( Hieronymus, 1873 ) and  C. fascicu-
laris Labill. ( Prakash, 1970 ). If each carpel is interpreted as an 
individual fl ower ( Hamann, 1962 ;  Cronquist, 1981 ;  Dahlgren 
in vasculature ( Linder, 1992a ,  b ). Species of  Anarthria and  Res-
tio investigated by Kircher possess three carpels, whereas  Gaim-
ardia usually has only two. However, the general pattern is the 
same: each carpel has a dorsal bundle, and ventral bundles appear 
in the septae of the gynoecium (heterocarpellary bundles). For-
mation of heterocarpellary bundles, i.e., fusion of ventral bundles 
of adjacent carpels, demonstrates a high degree of synorganiza-
tion between carpels that often takes place in a fl ower. Thus, 
there is no evidence from the vasculature of  Gaimardia to sup-
port a pseudanthial interpretation for its reproductive unit. 
 Gynoecium of Aphelia — The gynoecium of  Aphelia is repre-
sented by a solitary, free carpel. It has a structure that is typical 
of angiosperm carpels, with well-developed ascidiate and pli-
 Fig. 8.  Centrolepis pilosa (A – C, E) and  C. drummondiana (D), gynoecium anatomy, cross sections (LM). (A) Stigma; only dorsal bundle present. (B) 
Slightly oblique section at the transition from free stigmas to the common style. In upper part of image, two adjacent carpels are not united (arrowhead); in lower 
part, one carpel has an individual stylar canal. This section gives an indication of how extremely short is the symplicate zone. (C) Portion of section through the 
common style, showing dorsal bundle of a carpel and its individual stylar canal. (D, E) Sections at the level of the lowermost (fi rst-formed) ovary locule. Each 
carpel has its individual dorsal bundle (white circles). A single common ventral bundle is present in (D), and two closely spaced ventral bundles are present in 
(E). db = dorsal bundle; ol = ovary locule; ov = ovule; sc = stylar canal; vc = ventral cleft. Scale bars: in A = 25  μ m, in B, D, E = 50  μ m, in C = 10  μ m. 
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structures of this genus and those of related taxa. In contrast, 
accepting a euanthial concept for  Centrolepis allows an almost 
continuous morphological series with related genera. Indeed, in 
a euanthial interpretation, there is no substantial difference be-
tween the gynoecium of  Gaimardia and gynoecia of Restion-
aceae and Anarthriaceae. The bicarpellate condition that is 
characteristic of  Gaimardia is fairly common among Restion-
aceae ( Linder, 1992a ,  b ;  Ronse De Craene et al., 2001 ,  2002 ). 
Furthermore, the gynoecium of  Gaimardia is reportedly occa-
sionally tricarpellate ( Bentham and Hooker, 1883 ), which is the 
condition typical for many monocots and seemingly ancestral 
to Restionaceae.  Prakash (1970) described the anatomy and de-
velopment of the tricarpellate gynoecium of  Centrolepis fas-
cicularis , which is very similar to that of Restionaceae, differing 
mainly in the unequal receptacle growth that causes carpel in-
sertion at different levels. Our illustrations of young tricarpel-
late ( Fig. 4B ) and bicarpellate ( Fig. 4A ) gynoecia of  C. 
drummondiana are closely reminiscent of images of young gy-
noecia of Restionaceae ( Ronse De Craene et al., 2001 ,  2002 ) 
and those of some other monocots that lack septal nectaries 
(e.g.,  van Heel, 1988 ). Within  Centrolepis , there is a complete 
morphological series between gynoecia with one and thirty car-
pels (e.g.,  Cooke, 1992 ). 
 Gynoecium anatomy gives no robust arguments in favor of a 
pseudanthial interpretation for the gynoecium in  Centrolepis . 
In contrast, fusion of ventral bundles from different carpels 
demonstrates a high degree of synorganization between carpels, 
as in  Gaimardia . The combined comparative morphological 
et al., 1985 ;  Takhtajan, 1987 ,  1997 ;  Cooke, 1998 ;  Briggs and 
Johnson, 2000 ;  Seberg, 2007 ;  Mabberley, 2008 ; Watson and 
Dallwitz, 2009) or even as an individual spikelet ( Kircher, 
1986 ) we would expect whorled fl ower or spikelet arrangement 
in infl orescences of related taxa. The related genus  Aphelia was 
considered to have free, reduced female fl owers possibly ho-
mologous to individual carpels of  Centrolepis ( Eichler, 1875 ; 
 Hamann, 1962 ).  Cooke (1995) and  Hamann (1962) provided 
different morphological interpretations of the infl orescence in 
 Aphelia , but in either case, it is clear that whorled phyllotaxy is 
absent from this genus. Whorled fl owers or spikelets are also 
absent from Restionaceae and Anarthriaceae ( Kircher, 1986 ). 
 The currently accepted interpretation of the remarkable re-
productive structures of  Cyclanthus as whorls of united fl owers 
is supported by the presence of whorled fl ower arrangement in 
closely related Cyclanthaceae, such as  Carludovica Ruiz  & Pav. 
( Goebel, 1931 , see also  Rudall and Bateman, 2006 ). No argu-
ment of this sort is available in favor of the pseudanthial concept 
of  Centrolepis . Whorled phyllotaxy is rare in vegetative struc-
tures and infl orescences of monocots in general and members of 
Poales in particular. In contrast, the whorled organization  within 
fl owers , including whorled carpel arrangement, is highly con-
servative in all monocot lineages (e.g.,  Endress, 1995 ). 
 Interpreting Centrolepidaceae reproductive units as fl owers 
closes the gap with other Poales — Applying a pseudanthial in-
terpretation to the gynoecium of  Centrolepis would create a 
considerable morphological gap between the reproductive 
 Fig. 9.  Testing the hypothesis that carpels of  Centrolepis belong to different fl owers arranged into a cincinnus. (A) Theoretical diagram of a cincinnus; 
black circle = fi rst-order axis; double circles = carpels (i.e., unicarpellate fl owers); black arcs = hypothetical positions of reduced subtending bracts of next-
order fl owers. (B) Gynoecium of  C. exserta with carpels alternating with each other along the common stalk, as predicted by the cincinnus hypothesis. (C) 
Gynoecium of  C. exserta with carpels in opposite pairs; this arrangement cannot be explained by the cincinnus hypothesis. 
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ing ” the whorl or by its folding. Gynoecia of this sort occur as 
extreme forms both among monocots and eudicots ( Sokoloff et 
al., 2007b ;  Rudall, 2008 ;  Nuraliev et al., in press ). The peculiar 
carpel arrangement of  Centrolepis in two rows along a stalk-
like structure could be regarded as a functionally similar 
phenomenon. 
 Centrolepidaceae belong to a large lineage of predominantly 
wind-pollinated monocots ( Linder and Rudall, 2005 ). Most lin-
eages of wind-pollinated monocots have a tendency toward 
minimization of seed number per fruit (e.g.,  Linder, 1998 ), per-
haps due to relatively low pollination effi ciency in these plants. 
One possible explanation for the clearly secondary origin of the 
many-seeded fruits of  Centrolepis is that most species of  Cen-
trolepis are self-pollinated ( Keighery, 2006 ). 
 Interpretation of reproductive units and phylogenetic hy-
potheses within Centrolepidaceae — Because the family con-
tains only three genera, very few (namely, three) topologies of 
their phylogenetic relationships are possible, assuming that 
each genus is monophyletic. The currently proposed topology 
( Briggs et al., in press ),  Gaimardia ( Aphelia + Centrolepis ) does 
not contradict our euanthial interpretation of the gynoecium 
structure in this group. Indeed, the gynoecium of  Gaimardia 
(among other centrolepids) is morphologically closest to gy-
noecia of Restionaceae. Admittedly, gynoecium morphology 
alone does not provide an obvious synapomorphy for 
 Aphelia + Centrolepis . 
 Applying a pseudanthial interpretation would result in the 
assumption that the fl ower morphology of  Aphelia represents 
the most primitive condition within Centrolepidaceae because 
individual female fl owers are free in  Aphelia (e.g.,  Hamann, 
1962 ). According to the pseudanthial interpretation,  Gaimar-
dia and  Centrolepis share extreme elaboration of their pseud-
anthia, viz. complete fusion of ovaries between different 
fl owers, which is relatively unlikely to appear twice within a 
group. This putatively shared feature might be regarded as a 
potential synapomorphy supporting a topology  Aphelia 
( Gaimardia + Centrolepis ). 
 As summarized in the introduction, phylogenetic hypotheses 
on the origin of Centrolepidaceae fall into two main categories: 
(1) it is sister to Restionaceae s.s. or (2) it is embedded in Res-
tionaceae s.s. Since the gynoecium of  Gaimardia is similar to 
that of many Restionaceae, our data are congruent with either 
scenario. When commenting on the relationships of Centrolepi-
daceae, some authors have emphasized that centrolepids are 
close to Restionaceae, but represent reduced and miniaturized 
plants.  Cooke (1992 ,  1998 ) stated that their simplifi ed structure 
is associated with a herbaceous and usually annual habit, short 
growing season and limited resources. However, our data show 
that gynoecium transformations in centrolepids cannot merely 
be described in terms of reduction. Indeed, the most extreme 
reduction (to a single carpel) co-occurs here with the most ex-
treme example of polymerization in Poales. Some other fea-
tures of Centrolepidaceae also do not fi t the notion that they 
represent miniaturized relatives of Restionaceae; for example, 
dioecy and leaf blade reduction, both synapomorphies of most 
Restionaceae, are absent from Centrolepidaceae. 
 Clearly,  Centrolepis represents a remarkable example of ex-
treme reduction in the androecium, frequently associated with 
extreme polymerization and increased complexity of the gy-
noecium. Accepting a euanthial rather than pseudanthial inter-
pretation for reproductive units of Centrolepidaceae largely 
closes the (formerly huge) morphological gap with fl owers of 
evidence supports a euanthial interpretation for the gynoecium 
of  Centrolepis , though the question whether the stamen belongs 
to the same fl ower as the carpels requires further investigation. 
Accepting a euanthial interpretation for the gynoecium makes 
Centrolepidaceae unique among Poales in its range of meristic 
variation. No other member of Poales possesses up to 30 
( Cooke, 1992 ) or even up to 45 ( Baillon, 1894 ) carpels, as in 
some populations of  Centrolepis polygyna . Curiously, some 
members of Centrolepidaceae ( Aphelia and some taxa of  Cen-
trolepis ) possess only a single carpel. Importantly, the gynoe-
cium of  Aphelia lacks any trace of pseudomonomery. 
 One-sided receptacle growth compared with other examples 
of unequal growth in angiosperms — In our interpretation, 
fl owers of most  Centrolepis species possess multiple carpels in 
a single whorl. Due to unequal receptacle growth, different car-
pels are inserted at different levels in  Centrolepis fl owers. To 
our knowledge, there exist no other examples of strong unequal 
receptacle growth resulting in carpel insertion at different lev-
els in a single fl ower among angiosperms, though there are ex-
amples of one-sided growth in infl orescences in  Spathicarpa 
Hook. (Araceae) ( Uhlarz, 1983 ) and some species of  Anthyllis 
L. (Leguminosae) ( Sokoloff et al., 2007a ). In both  Spathicarpa 
and  Anthyllis spp., the infl orescence appears to have an elon-
gate axis, but morphologically stem elongation takes place in a 
plane perpendicular to the axis. This condition is closely similar 
to the one-sided receptacle elongation in  Centrolepis . In fl ow-
ers, unequal growth occurs in species with a monosymmetric 
hypanthium, perianth, or androecium tube; for example, in 
many legumes the end of the androecium tube is oblique. 
 Although strong unequal receptacle growth resulting in 
prominent torsion of gynoecium is probably unique to  Cen-
trolepis (as already observed), carpel insertion at slightly differ-
ent levels occurs in some monocots with a trimerous gynoecium 
( Remizowa et al., 2006 ). In these cases, adaxial carpel locule(s) 
are inserted at a slightly higher level than abaxial locule(s); in 
other words, the receptacle is obliquely slanted toward the sub-
tending bract ( Remizowa et al., 2006 ). This effect is pronounced 
in racemose infl orescences with fl owers densely packed at 
young stages. The denser the young infl orescence, the more 
slanted are the fl oral buds. 
 Functional and morphogenetic aspects of gynoecium evo-
lution in Centrolepidaceae — What is the functional signifi -
cance of the highly unusual one-sided receptacle growth in the 
gynoecium of  Centrolepis ? The most obvious explanation is 
that elongation of the receptacle allows compact insertion of 
numerous carpels. Single-whorled gynoecial construction is a 
highly conserved feature in monocots, with very few excep-
tions, such as Triuridaceae in Pandanales ( Rudall, 2008 ) and 
some Alismatales (reviewed in  Igersheim et al., 2001 ). Most —
 if not all — Poales have a single-whorled gynoecium, though 
more comparative and developmental data are certainly needed 
on some taxa, such as  Evandra (Cyperaceae). The only method 
of increasing carpel number within the one-whorled construc-
tion is to insert more carpels in the whorl.  Endress (2006) re-
viewed architectural constraints limiting the number of organs 
in fl oral whorls. If carpel number in a whorl is increased, it be-
comes diffi cult to maintain a regular architecture in the center 
of the gynoecium; the more carpels there are, the more diffi cult 
it is to close the gynoecium in its center. One way to avoid this 
constraint is to arrange carpels in two closely adjacent rows. 
Within the whorled pattern, this can be achieved by  “ compress-
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other Poales. However, fl owers of  Centrolepis , in their extreme 
form, differ considerably from those of Restionaceae. This dif-
ference is congruent with the presence of a very long branch 
leading to Centrolepidaceae in molecular phylogenetic analy-
ses. We speculate that the origin and evolution of Centrolepi-
daceae were accompanied by a general increase in the rate of 
evolutionary transformations, both morphological and molecu-
lar. To some extent, this increase could be related to the annual 
habit of many centrolepids, compared with the perennial habit 
(and hence longer life cycle) of Restionaceae. Another possible 
factor of increasing the rate of evolution is the acquisition of 
new ecological niches with strong pressure of abiotic condi-
tions but often relatively low competition with other plant spe-
cies. According to  Krassilov (1977 ,  2004 ), increased rate of 
evolution in organisms living outside coevolved biotic commu-
nities (noncoherent evolution) is an important factor of macro-
evolution, which played an important role in such events as the 
origins of fl owering plants. 
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